We propose the use of siliceous diatomite as an anti-shrinkage additive for the synthesis monolithic carbon aerogel electrodes with enhanced electrochemical response for capacitive deionization of NaCl solutions. Hybrid N-and Mn-doped carbon aerogels with improved electrical conductivity and wettability in the aqueous electrolyte are prepared by introducing modifications in the synthesis (carbon black and/or diatomite loading before the polymerization sol-gel polycondensation of the monomers, followed by manganese infiltration). The textural and morphological characterization of the materials reveals that the presence of the additives does not impede the cross-linking of the monomers to form branched clusters and colloidal aggregates leading to a highly porous structure. Furthermore, the aerogels materials display an open macroporous network inherited by the diatomite, even after its lixiviation. As a result, the monolithic carbon aerogel electrodes present good electrochemical performance in terms of low polarization resistance, high capacitance and fast electroadsorption. 
Introduction
Highly porous carbon aerogels are nowadays a matter of subject because of their use as electrodes in adsorption/energy applications. They are outstanding materials because they combine beneficial adsorption properties and structural strength with suitable chemical stability and electronic conductivity. [1] [2] [3] [4] [5] Carbon aerogels are a cost effective solution in applications aiming ion removal, as capacitive deionization. Their high surface area and pore volume exert a crucial role as capacitive electrodes that physically adsorb ions from the electrolytic solution. This reversible process present remarkable advantages for brackish water desalination. [6] [7] [8] [9] [10] New strategies point out to optimal morphologies, 11, 12 innovative preparative routes, 13, 14 and hybrid multifunctional materials for providing both an open structure and suitable electrochemical behavior. [15] [16] [17] It could be expected that the use of anti-shrinkage additives, that limit the contraction of the aerogel upon carbonization and create a macroporous structure, may contribute favorably to improve their electrosorption behavior. 18 Diatomaceous earth is a non-toxic and low cost material typically used as reinforcing and anti-shrinkage additive preserving macroporosity. 19, 20 We have recently reported mechanically compliant and highly porous aerogels with enhanced electrical conductivity prepared in the presence of diatomaceous earth and carbon black as additives. These materials overcome the limitations of mechanical stiffness upon densification by carbonization, while maintaining outstanding porous features and improved electrical conductivity, both desirable characteristics for the implementation of the monolithic aerogels in electrochemical applications. 21 On the other hand, the reliability of N-doped carbons as electrodes for capacitive deionization has been evidenced. 22, 23 . Also, the presence of a macropore structure in the monolithic configuration was revealed as a crucial factor for a fast electrosorption of ions during the salt deionization. 23 Unfortunately, the sole use of diatomite templating treatment in carbon aerogels has demonstrated to be insufficient to increase capacitance in the first attempts, even if the kinetic response is clearly improved due to the macroporous structure. For this reason, we propose that the combination of capacitive effect from carbon aerogels and pseudo-faradaic reactions in transition metal compounds may contribute favorably to enhance the electropsortion capacities of new electrodes for capacitive deionization. 24 Taking all this into account, the aim of this work was the preparation of hybrid manganese-N doped carbon aerogels with enhanced macroporosity for their application as electrodes for the electrosorption of NaCl from aqueous solution. The use of a pre-polymerization route allows an efficient polymerization of the precursors yielding highly mesoporous aerogels with high Ncontents, while diatomite was also used as anti-shrinkage additive.
Experimental
Hydrogels were synthesized by the polycondensation of Melamine (M), Resorcinol (R) and Formaldehyde (F) using sodium carbonate as catalyst (C) and deionized water (W) as solvent.
Carbon black (CB, Superior Graphite Co.) and diatomite (D, Nanolit K-6) were used as conductive and anti-shrinkage additives, respectively. The molar ratios of reactants were as follows: R:M:F of 2:1:7, (M+R)/C of 135 and (M+R)/W of 0.053. The final pH of the precursors was adjusted to 7.4 by adding sodium carbonate. The samples were synthesized according to a prepolymerization procedure described elsewhere. 23 Before gelification, diatomite (50%w/v) and/or carbon black (0.75% w/v) were added to the mixture and magnetically stirred to ensure a homogeneous dispersion. Hydrogels were then kept in an oven at 40 ºC for 24 h and then at 70
ºC for 120 h to allow gelation and aging. After a controlled water-acetone exchange, the hydrogels were supercritically dried with CO 2 and carbonized (ca. 2 ºC/min) at 480 ºC under nitrogen atmosphere. Since the diatomite is electrically non-conductive and may hinder the access of ions to the mesoporous system, it was etched-off using HF and leaving a silica free carbon monolith. Then, selected samples were doped with manganese by immersing the gel in a Mn(NO 3 ) 2 solution followed by heating up to 750 ºC for 120 min in CO 2 atmosphere. Samples will be named as MRF-X-Y-Z, where X,Y and Z respectively indicates the presence of manganese (Mn), diatomite (D) and carbon black (B), respectively.
Wettability was determined by measuring the contact angle between the electrolyte and the electrode material in both powdered and monolithic forms. It is calculated from the tangent angle of the liquid drop with a solid surface at the base. High resolution nitrogen adsorption/desorption isotherms at -196 ºC were measured for the samples in a volumetric analyzer (ASAP 2010, Micromeritics) equipped with high-vacuum system, and three pressure transducers. The samples were degassed under vacuum at 120 ºC overnight prior to the adsorption measurements.
Ultrahigh purity nitrogen (i.e., 99.9992%) was supplied by Air Products. Each isotherm measurement was performed in duplicate to guarantee the reproducibility and accuracy of the measurements (error was below 0.1%). The specific surface area, S BET and total pore volume, V T were calculated from the isotherms according to the Brunauer-Emmett-Teller theory, while the full micro-meso pore size distribution was calculated using the 2D-NLDFT-HS model 25 assuming surface heterogeneity of carbon pores. 26 Mercury porosimetry was performed in a Micromeritics Autopore IV apparatus working in the pressure range 1-2000 bars was used. XRay diffraction (XRD) patterns were recorded on a Siemens D5000 diffractometer equipped with a graphite monochromator and Cu K radiation. The samples were scanned between 10º and 90º
(2) at a 0.02 /12 s scan rate. X-ray Photoelectron spectrometry was carried out in a XPS, SPECS Phobios 150MCD equipment provided with a X-ray monochromatic Al K (1486.61 eV)
power source of 300 W (anode voltage of 12 kV). The base pressure in the ultra high vacuum chamber was 4× 10 -9 mbar. Binding energy values were referenced to the C 1s peak of the adventitious carbon at 284.6 eV before the spectra processing. 27 The accurate determination of Results and discussion On the contrary, when the siliceous additive was incorporated in the synthesis, the pieces preserved their size and shape after the carbonization and further washing with HF (ca. 5%
reduction in the diameter of the specimens). The anti-shrinkage effect of the diatomite is not dependent on the formulation of the aerogel or the presence of the carbon black conductive additive. 23 In addition, the aerogels ranged from translucent (pristine MRF) to opaque when either B or D additives were used, due to the relatively large amounts of additives added. The wettability of carbon aerogels can be visualized in Fig. S1 . These images reveal the highly hydrophilic character provided by the diatomite treatment which undoubtedly will ensure a proper impregnation and hence a suitable electrode-electrolyte intephase. Otherwise, the contact In the case of MRF-Mn-D-CB, the large voids are also observed, along to dark spots belonging to the manganese and/or carbon black particles. Figure 2 shows the N 2 adsorption isotherms of the prepared materials; the main textural parameters are also compiled in Table 1 . All the materials displayed high porous features, confirming that the incorporation of the additive (either B or D) does not hinder the polycondensation of the reactants. [29] [30] [31] All the materials displayed type IV isotherms according to IUPAC classification 32 with relatively high adsorbed volume at relative pressures below 0.2 (corresponding to micropore range) and well-defined hysteresis loop in the desorption branches at relative pressures higher than 0.7, evidencing their mesoporous character. The large pore volumes and hysteresis loops in the gas adsorption data suggest that the polycondensation of the monomers is slowed down in the presence of the additives (either B or D). This would lead to a lower degree of cross-linking of the structure, generating weakly branched clusters that tend to form larger colloidal aggregates in progressively larger pores (mesopore coarsening). 29 The incorporation of diatomite provoked a slight fall in the pore volumes, whereas the microporosity followed a slightly increasing trend (Table 1) . Consequently, the aerogels prepared in the presence of the additives displayed higher surface area values than the pristine MRF gel, although all the samples are highly microporous. Otherwise, the addition of carbon black (sample MRF-Mn-D-CB) yielded an increase in the mesopore volume (compared to MRFMn-D), as commonly observed for similar composite aerogels. 30, 31 .
The impact of the additives on the texture of the carbon aerogels can also be seen in the pore size distributions (Figure 2b ). In agreement with the shape of the isotherms, there is an increase in the contribution to pore widths smaller than 1 nm. Concerning mesopores, carbon aerogels treated with diatomite feature a multimodal distribution with several peaks between 5 to 25 nm.
Moreover, an analysis of the pore size distribution measured by mercury porosimetry reveals an additional contribution of macropores (500 nm) in samples MRF-Mn-D and MRF-Mn-DB which is not present in the material synthesized in the absence of the diatomite (Fig. 2c) . The sample incorporating the carbon black also displayed a contribution of large voids above 10 micron.
This result clearly shows the capability of the siliceous additive to modify the porous network of the carbon matrix creating large voids in the meso-/macropore range.
The chemical composition of aerogels was determined by elemental analysis and XPS (Table   S1 , Supporting Information). As expected, the incorporation of manganese caused a decrease in the carbon and nitrogen contents. Otherwise, XPS data revealed an increase in the overall content of oxygen in the Mn-containing aerogels, suggesting the formation of manganese oxides. No crystalline manganese phases were detected by X-ray diffraction ( Fig. S3 Supporting Information), which we attribute to the low manganese content of the samples (Table S1 , Supporting Information). On the other hand, the amount of nitrogen from the chemical analysis is slightly higher than that obtained from the XPS spectra. This evidences that the N-containing groups are not located at the surface of the aerogel, but also efficiently incorporated in the bulk material; hence the concentration of the doping element is lower near the surface. 33, 34 Furthermore, the amount of nitrogen groups is similar to all the samples, which confirms the efficient polymerization of the reactants in the presence of the additives.
To evaluate the influence of the additives on the nature of the different N-and O-groups, the surface chemistry of the aerogels was investigated by XPS. Five different gaussian-lorentzian components were deconvoluted from the C1s core level spectra( Figure S4 The spectra at the N1s core level were decomposed into four overlapped bands assigned to N6 pyridinic (398.3±0. It could be envisaged that the macroporous network and the improved electrical conductivity of thesecomposites -due to the incorporation of the carbon black additive and the occurrence of electron donating N-groups, [44] [45] [46] may lead to an enhancement of the kinetic response at the electrode-electrolyte interface. 47 To evaluate the polarization resistance of the electrodes, impedance spectroscopy was performed. The Nyquist plots are displayed in Figure 4 ; the profiles appeared significantly distorted due to the complex porous structure of the aerogels (Table 1) contributions. 8 Thisbehavior is not so clearly seen in MRF-Mn, which might be attributed to the lower density of N-and O-groups of this material (Table S1) , and/or the lower accessibility of the electrolyte to the metallic particles.
The electrochemical capacitance of MRF was 90±3 F g -1 , whilethat of MRF-Mn was of 86±3
It is slightly lower than that for MRF, or even indistinguishable whether the error margins are considered. Thus, the mere presence of the manganese phase was not determining for a capacitance improvement despite of the larger textural features of the former sample (Table 1) .
Likely, the poor wettability is a crucial factorlimiting the electrosorption of MRF-Mn. To verify this assumption, further experiments were performed at a higher NaCl concentration (0.1 M) and longer adsorption times (150 minutes) for 1.5 V (Fig. 7 and S9 ). In these more demanding conditions, MRF-Mn-D-CB (7.9 mg/g) evidenced to perform better than MRF aerogel. These results reveal the synergic effect of manganese containing particles, carbon black along with the diatomite treating to reach a carbon aerogel with optimized properties for capacitive deionization.
Conclusions
The use of a siliceous diatomite as anti-shrinkage additive has allowed the synthesis of carbon monolithic carbon aerogels with a well-developed micro and mesopore structure and enhanced macroporosity. The incorporation of nitrogen functionalities and carbon black as conductive additive enable to increase the electrical conductivity and wettability of the materials. The resulting carbon matrix have demonstrated to be a favorable support for manganese containing particles, which pseudofaradic effect contributes positively to the overall capacitance. These characteristics are responsible for the good electrochemical performance of the electrodes for the removal of ionic species in terms of fast kinetics and low resistance.
The morphological analysis showed the efficient anti-shrinkage effect and the sponge-like texture of the carbon aerogels after the diatomite removal. The nitrogen isotherms also revealed that the polycondensation of the reactants is not impeded by the presence of the additives (both diatomite and carbon black), leading to a multimodal distribution of pore sizes with mesopores.
Concerning the deionization capacity measured in symmetric cells using monolithic electrodes, the aerogels synthesized in the presence of the diatomite showed a more advantageous response at low voltages and/or short charge time. These results demonstrate that the use of diatomite as anti-shrinkage additive can be a helpful solution to prepare highly porous carbon electrodes with optimized morphological properties for capacitive deionization. Hybrid N-and Mn-doped carbon aerogels with enhanced conductivity and macroporosity evidencing optimized performance as electrodes for capacitive deionization. 
